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ABSTRACT 

In an embodiment, a slit valve catheter has a generally 
tubular catheter body With an exterior surface exposed to an 
environment and an interior surface de?ning a lumen. The 
catheter further includes a valve Which has a protuberance 
projecting radially from the catheter body. 
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MEDICAL FLUID INFUSION AND ASPIRATION 

FIELD OF THE INVENTION 

[0001] This invention relates to medical ?uid infusion and 
aspiration. 

BACKGROUND OF THE INVENTION 

[0002] Infusion of ?uid into the body or aspiration of ?uid 
from the body is often performed With a catheter Which is 
inserted beneath the skin. The catheter has a lumen through 
Which ?uid can ?oW. In some designs, the lumen is closed 
at the insertion end of the catheter and ?uid communication 
betWeen the body environment outside the catheter and the 
lumen is controlled by a slit through the catheter Wall Which 
acts as a valve. The catheter has a hub on the end outside the 
body Which can be connected to a syringe for increasing and 
decreasing the pressure inside the lumen. 

[0003] For infusion, the ?uid pressure inside the lumen is 
increased to force the catheter body adjacent the slit to ?ex 
outWard, separating the opposing faces of the slit and 
forming an aperture through Which ?uid may pass to the 
body environment. For aspiration, the pressure inside the 
lumen is decreased to force the catheter body adjacent the 
slit to collapse inWard, forming an aperture through Which 
?uid may ?oW into the lumen. At neutral pressures, the 
catheter body assumes an un?exed condition in Which the 
faces of the slit are opposed, Which forms a seal to prevent 
infusion or aspiration. 

[0004] A valve can be made to permit infusion only, 
aspiration only, or both infusion and aspiration. Avalve that 
operates for infusion only can be formed by making the slit 
in a convex catheter Wall portion, since the convex shape 
facilitates ?exing outWard While resisting ?exing inWard. A 
valve that operates for aspiration only can be formed by 
making the slit in a concave Wall portion, Which facilitates 
?exing inWard While resisting ?exing outWard. A ?at Wall 
portion facilitates ?exing in either direction and can be used 
to form a tWo-direction valve. 

[0005] A tWo-direction valve may also be formed by 
chemical Weakening of the catheter Wall adjacent the slit, 
Which facilitates ?exing in both directions so that the valve 
Works smoothly during infusion and aspiration. The lumen 
may also be shaped With a linear side that terminates to form 
regions of reduced catheter Wall thickness. The regions act 
as hinges at Which inWard and outWard ?exing is enhanced 
and the area betWeen the regions may have a greater Wall 
thickness Which facilitates sealing. 

[0006] The catheter may also have multiple valves and 
multiple lumens. Further discussion of catheters is found, for 
example, in Groshong US. Pat. No. 4,549,879, Nichols US. 
Pat. No. 94,753,640, Lui US. Pat. No. 5,261,885, and 
Luther U.S. Pat. No. 5,522,807 the entire contents of all of 
Which are incorporated herein by reference. 

SUMMARY OF THE INVENTION 

[0007] In one aspect, the invention features a slit valve 
catheter With an elongated, generally tubular catheter body 
having an exterior surface exposed to an environment and an 
interior surface de?ning a lumen. The catheter further 
includes a valve Which has a protuberance projecting from 
the catheter body and a slit through the protuberance and 
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catheter body. In another aspect, the invention features a slit 
valve catheter having an elongated, generally tubular cath 
eter body With an exterior surface exposed to an environ 
ment and an interior surface de?ning a lumen. The catheter 
further includes a valve With a generally convex exterior 
surface portion and a protuberance projecting radially out 
Ward from the convex exterior surface portion into the 
environment and a slit through the protuberance and catheter 
body. The interior surface de?nes a generally concave 
interior Wall portion opposite the convex exterior surface 
portion. 
[0008] In another aspect, the invention features a slit valve 
catheter With an elongated, generally tubular catheter body 
having an exterior surface exposed to an environment and an 
interior surface de?ning a lumen. The catheter further 
includes a valve With a generally concave exterior surface 
portion and a protuberance projecting radially inWard from 
the interior surface opposite the concave exterior surface 
portion and a slit through the protuberance and catheter body 
and having a generally uniform Wall thickness betWeen the 
interior and exterior surface in portions adjacent the protu 
berance. 

[0009] In another aspect, the invention features a slit valve 
catheter, having an elongated, generally tubular catheter 
body With an exterior surface exposed to an environment 
and an interior surface de?ning a lumen. The catheter further 
includes a ?rst valve and a second valve. The ?rst valve 
includes a protuberance projecting radially from the catheter 
body and a slit through the protuberance and catheter body. 

[0010] In another aspect, the invention features a slit valve 
catheter With an elongated, generally tubular catheter body 
having an exterior surface exposed to an environment and an 
interior surface de?ning a ?rst lumen and a second lumen. 
The catheter further includes a ?rst valve to the ?rst lumen 
Which has a protuberance projecting radially from the cath 
eter body and a slit through the protuberance and catheter 
body to the ?rst lumen. 

[0011] In another aspect, the invention features infusing 
?uid into a body or aspirating ?uid from a body by deliv 
ering into the body a catheter having a generally elongated 
catheter body including an exterior surface exposed to the 
body and an interior surface de?ning a lumen. The catheter 
further includes an aspiration valve and an infusion valve, 
Where at least one of the valves includes a protuberance 
projecting from the catheter body for permitting one of 
aspiration or infusion While resisting one of infusion or 
aspiration. The pressure in the lumen is varied to effect 
infusion or aspiration. 

[0012] Embodiments may include one or more of the 
folloWing features. The protuberance has a radial projection 
no greater than the outer diameter of the catheter body. The 
protuberance has a Width no greater than tWice a thickness 
of the catheter body measured betWeen the exterior surface 
and the interior surface at a region adjacent the protuber 
ance. The protuberance has a geometrical in?ection near its 
point of maximum projection. (A geometrical in?ection is 
the region Where the curvature of the catheter (vieWed in 
cross-section) changes from concave to convex or con 
versely, or the region in Which the slope of a line tangent to 
the curvature is Zero and the slope of lines adjacent the 
region have different signs.) The protuberance has a pair of 
in?ections near the circumferential boundary of the protu 
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berance. The protuberance is generally hemispherical. The 
protuberance is an integral extension of the catheter body. 
The protuberance extends axially no further than the valve. 
The protuberance extends axially substantially the length of 
the catheter body. The valve is on a sideWall of the catheter. 
The valve is on a forWard-facing distal tip of the catheter. 

[0013] Embodiments may also include one or more of the 
folloWing. The valve includes a region having a convex 
exterior surface portion and the protuberance projects out 
Wardly from the convex portion into the environment. The 
valve includes a region having a convex exterior surface 
portion and the protuberance projects inWardly from an 
interior surface portion opposite the convex surface portion. 
The valve includes a region having a concave exterior 
surface portion and the protuberance projects outWardly 
from the portion into the environment. The valve includes a 
region having a concave exterior surface portion and the 
protuberance projects inWardly from an interior surface 
portion opposite the concave exterior surface portion. The 
valve includes a region having a generally ?at exterior 
surface portion and the protuberance projects outWardly 
from the ?at exterior surface portion. The valve includes a 
region having a generally ?at exterior surface portion and 
the protuberance projects inWardly from an interior surface 
portion opposite the ?at exterior surface portion. The interior 
surface portion is generally ?at. The catheter includes a ?rst 
protuberance projecting from the exterior surface and a 
second protuberance projecting from the interior surface 
portion generally opposite the ?rst protuberance. The radial 
projection of the ?rst protuberance is different than the radial 
projection of the second protuberance. 

[0014] Embodiments may also include one or more of the 
folloWing. The interior surface is generally circular in cross 
section. The exterior surface is generally circular in cross 
section. The catheter has a generally uniform Wall thickness 
betWeen the interior and exterior surface in portions adjacent 
the protuberance. 

[0015] Embodiments may also include one or more of the 
folloWing. The catheter has a second valve and the second 
valve has a protuberance projecting radially from the cath 
eter body and a slit through the protuberance and catheter 
body. The protuberance on the ?rst valve projects from the 
exterior surface of the catheter into the environment and the 
protuberance on the second valve projects from the interior 
surface of the catheter body into the lumen. The ?rst valve 
is proximal of the second valve. The second valve is on a 
forWard-facing distal tip of the catheter. The slit catheter has 
a second valve to the ?rst lumen. The catheter has a third 
valve to a second lumen. 

[0016] Embodiments may also include one or more of the 
folloWing. Both an aspiration and infusion valve are in 
communication With the same lumen and each include a 
protuberance. The protuberance on the aspiration valve 
being arranged to resist infusion and the protuberance on the 
infusion valve is arranged to resist aspiration. Alternately 
infusion and aspirating ?uid from the body by increasing 
and delivering pressure in the lumen. The catheter may be 
delivered into the body over a guideWire. 

[0017] Implementations may provide one or more advan 
tages. For example, the protuberance may reduce leaks 
through the valve, especially leaks due to unintended valve 
openings When pressure conditions in the lumen are opposite 
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to the intended valve operation direction. The protuberance 
can also control the level of lumen pressure needed to open 
the valve. The protuberance valves may be used on very 
thin-Walled catheters in Which the Wall thickness is not 
suf?cient to create an effective seal. A thinner catheter Wall 
can provide a larger lumen, Which may permit greater 
infusion and aspiration ?oW rates Without substantially 
increasing the overall catheter diameter or the pressure 
differential needed to operate the valve. 

[0018] Further aspects, features, and advantages folloW. 

DESCRIPTION OF THE PREFERRED 

EMBODIMENT(s) 
[0019] We ?rst brie?y describe the draWings. 

[0020] DraWings 
[0021] FIG. 1 is a side vieW, in partial cross-section, of a 
catheter in a vessel; 

[0022] FIG. 2 is an end-on cross-section of a pair of 
valves as they Would appear When vieWed along the line 22 
in FIG. 1, With the valves in a condition Where neither 
infusion, nor aspiration is taking place; 

[0023] FIG. 3 is a similar end-on cross-section of the 
valves in FIG. 2 during infusion; 

[0024] FIG. 4 is a similar end-on cross-section of the 
valves in FIG. 2, during aspiration; 

[0025] FIG. 5 is a longitudinal cross-section in the valve 
regions in FIG. 1; 

[0026] Fig. 6 is an end-on cross-section of another 
embodiment With a pair of valves as they Would appear 
When vieWed along the line 22 in FIG. 1, With the valves in 
a condition Where neither infusion nor aspiration is taking 
place; 
[0027] FIG. 7 is a similar end-on cross-section of the 
embodiment in FIG. 6, during infusion; 

[0028] FIG. 8 is a similar end-on cross-section of the 
embodiment of FIG. 6 during aspiration; 

[0029] FIG. 9 is an end-on cross-section of another 
embodiment With a pair of valves as they Would appear 
When vieWed along the line 22 in FIG. 1, in a condition 
Where neither infusion, nor aspiration is taking place; 

[0030] FIG. 10 is an end-on cross-section of another 
embodiment With a pair of valves as they Would appear 
When vieWed along the line aa in FIG. 1, in a condition 
Where neither infusion, nor aspiration is taking place; 

[0031] FIG. 11 is an end-on cross-section of another 
embodiment With a pair of valves as they Would appear 
When vieWed along the line 22FIG. 1, in a condition Where 
neither infusion, nor aspiration is taking place. 

[0032] FIG. 12 is a side vieW in partial cross-section of 
another embodiment; 

[0033] FIG. 13a is an end-on cross-section along the line 
13a13a and FIG. 13b is an end-on cross-section along line 
13b13b in FIG. 12, With the valves in a condition Where 
neither infusion, nor aspiration is taking place. 

[0034] FIGS. 14 and 14a are longitudinal cross sections 
of another embodiment. 
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DESCRIPTION 

[0035] Referring to FIG. 1, a catheter 2 is placed beneath 
the skin 4 into, for example, a vessel 6 for either infusing 
?uid such as drug, nutrient, blood or other body ?uid, into 
the body, or aspirating ?uid from the body. The catheter 
includes an elongated polymeric member 7 Which has an 
outer surface 8 exposed to the body environment and an 
inner surface 9 de?ning a lumen 10 Which extends substan 
tially the length of the catheter. The lumen is closed at the 
distal end 12 of the catheter and can be accessed at the 
proximal end 13 through a ?tting 14, for example, a standard 
luer lock, Which is connected to a syringe 16 or another 
suitable device for injecting or WithdraWing ?uid from the 
lumen 10. 

[0036] The insertion portion of the catheter has a pair of 
slit valve regions, including a ?rst valve region 18 and a 
second valve region 20, Which permit ?uid communication 
betWeen the body environment and the lumen 10 by varying 
the pressure in the lumen, PL relative to the pressure in the 
body environment, PE. 
[0037] Referring to FIGS. 2-4, one embodiment of a pair 
of valves, Which are located in the valve regions 18, 20, is 
illustrated in a series of end-on cross-sectional vieWs. In this 
case, the catheter cross-section is circular. In FIG. 2, the 
valve regions are shoWn in the condition in Which the valves 
are sealed, for example, When the lumen pressure PL is 
essentially equal to the environmental pressure PE. The ?rst 
valve region 18 is used only for aspiration. The second valve 
region 20 is used only for infusion. Valve region 18 includes 
a slit 24 and valve region 26 includes a slit 28. 

[0038] The valves also include protuberances 22, 26 
Which project from the catheter body. In this case, both 
valves have the same generally convex outer catheter Walls, 
With the protuberances arranged to make the valves function 
as one-Way valves in opposite directions; one one-Way valve 
is for aspiration only and the other is for infusion only. The 
?rst valve region 18 has a generally convex outer Wall 
surface With a protuberance 22 projecting from the inner 
Wall surface into the lumen 10 of the catheter. Slit 24 extends 
through protuberance 22. The second valve region also has 
a generally convex outer Wall surface but With a protuber 
ance 26 projecting outWard. Slit 28 also extends through 
protuberance 26. 

[0039] Referring to FIG. 3, for infusion, the pressure in 
the lumen is increased, for example, by depressing the 
plunger 17 of the syringe 16 (FIG. 1), Which creates the 
condition that the lumen pressure PL is greater than the 
environment pressure PE. The increased lumen pressure acts 
upon the inWardly projecting protuberance 22 to create a 
greater sealing force (arroWs 23) than in the absence of the 
protuberance. The secure seal prevents any uncontrolled 
infusion through the ?rst valve region. In the second valve 
region 20, the increased lumen pressure creates a force 
(arroWs 23‘) that causes the catheter Wall to ?ex outWardly 
along a ?exure region spaced from the slit; the protuberance 
26 does not substantially inhibit opening of the slit valve, 
permitting a controlled infusion to take place. 

[0040] Referring to FIG. 4, for aspiration, the pressure 
Within the lumen is reduced by, for example, WithdraWing 
the plunger 17 of the syringe 16 (FIG. 1). In the ?rst valve 
region 18, the reduced pressure causes the catheter Wall to 
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?ex inWardly along ?exure regions 31; the protuberance 22 
does not substantially interfere With the inWard ?exing of the 
valve, permitting controlled aspiration of ?uid through the 
?rst valve. In the second valve region 20 the protuberance 26 
resists inversion or collapse, preventing uncontrolled aspi 
ration through the second valve. 

[0041] The protuberances assist valve operation by pro 
jecting into the environment or lumen. For example, pro 
jection of the protuberance into a lumen increases sealing 
forces on the slit When the pressure in the lumen is increased 
because the protuberance modi?es the contour about the slit 
such that the components of pressure vectors perpendicular 
to the slit are larger. The protuberances illustrated in the 
embodiment above are generally hemispherical With geo 
metrical in?ections 25, 25‘ at the location of greatest pro 
jection and further geometrical in?ections 27, 27‘ and 29, 29‘ 
near or at the boundaries of the protuberance, Where pro 
jection from the catheter body begins. Referring to FIG. 5, 
these protuberances also have short axial projections, Which 
extend only Within the valve regions and generally corre 
spond to the length of the slit. 

[0042] The shape and dimensions of the protuberance may 
be modi?ed. The Width of the protuberance is preferably 
about tWice the thickness of the catheter body adjacent the 
protuberance or less. The projection of a protuberance into 
a lumen is preferably equal to or less than the lumen 
diameter. The protuberance may project across substantially 
the entire Width of a lumen. The projection from the outer 
surface of a catheter is preferably equal to or less than the 
outer diameter of the catheter. The protuberance may project 
from a catheter body having an otherWise uniform geometri 
cal con?guration, as indicated above, or the protuberance 
may project from a catheter body having an irregular or 
contoured inner and/or outer Wall surface. The in?ection 
points on either side of the protuberance are preferably 
spaced from the ?exure or hinge region of the valve. The 
protuberance may also be asymmetrical in cross-section and 
may not have in?ections at its boundaries, but instead extend 
smoothly from the otherWise uniform thickness and pro?le 
of the catheter Wall. The protuberance may be oblong in 
shape. 

[0043] One advantage is that the catheter may be operated 
at higher lumen pressures during infusion Without inversion 
of the ?rst valve Which could lead to leaks or uncontrolled 
infusion. Similarly, the outWardly extending protuberance in 
the second valve region enhances sealing during aspiration 
through the ?rst valve. Higher vacuum can be used during 
aspiration Without inversion of the second valve. Alterna 
tively, the catheter can be arranged for operation at loWer 
pressure differentials for both infusion and aspiration. For 
example, the entire catheter body can be made of someWhat 
Weak, thin-Walled construction. The protuberance in the 
second valve region prevents collapse of the second valve 
during aspiration. During infusion through the second valve, 
the protuberance of the ?rst valve prevents outWard inver 
sion. A protuberance can be used to make a one-Way valve 
from a valve that Would ordinarily operate for both infusion 
and aspiration. For example, the valve Wall may be Weak 
ened by chemical treatment or by reducing the thickness of 
the polymer, Which Would ordinarily encourage valve action 
in either direction. HoWever, a protuberance may be used to 
prevent valve action in one direction. 
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[0044] Manufacture 

[0045] The catheters may be manufactured by injection 
molding or by modifying an extruded tube. For example, 
extrusion may be used to provide a uniform polymeric tube, 
to Which a hub is attached at one end and the other end is 
sealed. Insert molding can then be used to provide the 
desired geometry of the slit regions. The slits could then be 
created in the desired valve locations as a subsequent 
mechanical operation. Insert molding alloWs the tip to be 
formed of a material either identical to or dissimilar from the 
catheter tube. The molded details in the protuberances 
include axial cross sectional geometry, protuberance longi 
tudinal cross sectional geometry, protuberance length, Wall 
thickness, degree of concave/convex curvature, etc. Other 
manufacturing techniques include melting or otherWise 
adhering the catheter portions as components or post-form 
ing an extruded tube. 

[0046] In particular embodiments, the polymer may be 
polyurethane, silicones, polyethylenes, nylons, polyesters 
and polyester elastomers. In one example, the catheter is 
polyurethane (e.g., Teco?ex, available from Thermedics, 
Woburn, Mass.). The overall OD of the catheter is about 
3-16 French. The overall length of the catheter is about 
20-60 cm. For example, a 5 French catheter may have a 
substantially constant catheter body Wall thickness, T, (FIG. 
2) of about-0.015 inch and lumen diameter of about 0.035 
inch. Protuberances are hemispherical, have a radial projec 
tion, P, (FIG. 2) of about 0.015 inch, a longitudinal exten 
sion, E, (FIG. 5) of about 0.200 inch and a Width, W, 
between boundary in?ection points (FIG. 2) of about 0.030 
inch. The slit is formed by a cutting device, such as a raZor 
and has a length of 0.200 inch, substantially the same as the 
longitudinal projection of the protuberance. 

[0047] Additional Embodiments 

[0048] Referring to FIGS. 6-8, another embodiment of a 
tWo-valve catheter is illustrated. In this case, the ?rst valve 
region 18 is used for aspiration. It includes an outer Wall 
surface that is generally concave and a slit in the Wall of the 
concave region. As knoWn in the art, the concave surface 
assists opening of the slit by inWard ?exing of the catheter 
Wall When a loW pressure condition exists in the lumen, thus 
facilitating aspiration. The second valve region 20 has a 
generally convex outer surface. As knoWn in the art, the 
convex surface assists opening of the slit by outWard ?exing 
of the catheter Wall When pressure is increased in the 
catheter lumen, Which facilitates infusion. 

[0049] Both valve regions include a protuberance in the 
region of the slit. In the ?rst valve region, a protuberance 42 
projects into the lumen. In the second valve region, a 
protuberance 44 projects radially outWard into the environ 
ment. Slit 43 extends through protuberance 42 and slit 45 
extends through protuberance 44. 

[0050] During infusion, the inWardly projecting protuber 
ance 42 enhances sealing of the ?rst valve region (FIG. 7) 
When lumen pressure is increased to open the second valve 
region. During aspiration, ?uid is aspirated through the ?rst 
valve region (FIG. 8), Without interference from the protu 
berance 42, While sealing is enhanced at the second valve 
region by the outWard projecting protuberance 44. The 
protuberance 42 on the infusion valve prevents inversion at 
the someWhat higher pressure differentials needed for opera 
tion of an aspiration valve With a convex outer surface. 
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[0051] In another embodiment, both valve regions have 
concave outer surfaces, With the ?rst valve having an 
inWardly projecting protuberance and the second valve 
having an outWardly projecting protuberance. The ?rst valve 
is used for aspiration and the second valve is used for 
infusion. 

[0052] Referring to FIG. 9, in another embodiment, both 
the ?rst and second valve regions include outWardly pro 
jecting protuberances and the protuberances project different 
amounts. The ?rst valve region protuberance 52, projects 
less than the second valve region protuberance 54. The 
valves are shoWn in a neutral pressure condition. For aspi 
ration, a controlled lumen pressure causes the ?rst valve 
region to invert While the larger protuberance 54 in the 
second valve region prevents inversion. For infusion, an 
increase in pressure causes both ?rst and second valve 
regions to open. 

[0053] Referring to FIG. 10, in another embodiment, the 
?rst valve region includes an outWardly projecting protu 
berance 62 While the second valve region includes both an 
outWardly projecting protuberance 64 and an inWardly pro 
jecting protuberance 66. The protuberance 66 projects to a 
lesser extent than the protuberance 64. The catheter is shoWn 
in a condition Where neither infusion, nor aspiration is taking 
place. During infusion, the ?rst valve opens ?rst, at loW 
initial pressure While inWard projection 66 keeps the second 
valve sealed. At higher pressure, the sealing effect, of the 
inWard projection 66 is overcome and infusion occurs 
through both of the values. Preferably, this embodiment is 
used for infusion only. In an alternate embodiment, both 
valves could be arranged for aspiration only, by forming 
both ?rst and second regions With concave exterior surfaces. 

[0054] Referring to FIG. 11, another embodiment has a 
?rst valve region that includes a ?at surface 70 With an 
outWardly projecting protuberance 72 and the second valve 
region also includes a ?at region 74 Without any protuber 
ance. During aspiration, the protuberance 72 prevents open 
ing of the ?rst valve While aspiration occurs through the 
second valve. Infusion may occur through both the ?rst and 
second valves. 

[0055] Referring to FIGS. 12-13b, in another embodiment, 
a multilumen catheter is provided With multiple valve 
regions. Referring particularly to FIG. 12, the catheter 80 
includes a catheter body 82 With an exterior surface 84 and 
an interior surface 86 betWeen Which the outer catheter Wall 
thickness is de?ned. The interior surface, and an inner lumen 
Wall 87, de?ne a ?rst lumen 88 and a second lumen 90. Both 
lumens 88, 90 are closed at the distal end 92 of the catheter 
and can be accessed through a luer coupling 94 at the 
proximal end of the catheter. The lumen 88 is in ?uid 
communication With the environment through a ?rst valve 
region 96 and a second valve region 100. The lumen 90 is 
in communication With the environment through a valve 
region 98. 

[0056] Referring particularly to FIG. 13a, an end on cross 
section illustrates the valve regions 96, 98. Region 98 
includes a generally convex outer Wall surface geometry and 
an outWardly projecting protuberance 102, and a slit 97 
extending through the Wall and protuberance 102. The 
region 96 includes a generally concave outer Wall surface 
geometry and an inWardly projecting protuberance 103 and 
a slit 99 extending through the Wall and protuberance 103. 
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[0057] Referring to FIG. 13b, an end on cross section 
illustrates the valve region 100, Which includes a generally 
convex catheter geometry and a slit 101 extending through 
the body. The region 96 also includes an outWardly project 
ing protuberance 104. 

[0058] In operation, infusion can be carried out by increas 
ing the pressure in the lumens 88 and 90, Which causes the 
valves at regions 98, 100 to open and the valve at region 96 
to seal tightly. For aspiration, pressure in lumen 88 is 
reduced Which causes the valve at region 96 to open While 
the valve at region 100 seals tightly. Alternatively, or simul 
taneously, With infusion or aspiration as above, infusion can 
occur by increasing the pressure in lumen 88 to open the 
valve at region 100. Further multi-lumen catheter embodi 
ments include catheters in Which one or both of the lumens 
have a valve arrangement as described in FIGS. 1-11. 

[0059] Referring to FIG. 14, in another embodiment, at 
least one slit valve 105 is provided at the forWard-facing 
distal tip of the catheter. In this example, the tip has a 
generally convex, hemispherical outer surface 106 and a 
protuberance 108 extending outWardly from the catheter and 
including a slit 110 for use as an infusion valve. (Alterna 
tively, the tip of the catheter may be concave for use as an 
aspiration valve.) Referring particularly to FIG. 14a, a 
catheter With a slit valve at the tip may make delivery over 
a guideWire 112 easier. The guideWire may extend through 
the valve 105 into the lumen 114. As illustrated, the 
guideWire may exit the lumen through a slit region 116 on 
the catheter Wall to facilitate rapid exchange of the 
guideWire. (Alternatively, the guideWire 112 may extend 
through the lumen to the proximal hub. The guideWire could 
also be passed through a valve on the side Wall of the 
catheter, Without passing through the valve at the tip.) The 
catheter may include additional valves, such as a slit valve 
118 for infusion. The tip of the catheter may be manufac 
tured as a separate component Which is glued or molded, at 
attachment point 120, to the rest of the catheter body. In use, 
the catheter may be slid over the guideWire into a vessel. 
Infusion or aspiration may be conducted While the guideWire 
extends through the valve. Alternatively, the guideWire can 
be WithdraWn from the valve prior to infusion or aspiration. 

[0060] In additional embodiments, the catheter and valve 
types can be used in various combinations to create various 
combinations of infusion and aspiration effects using the 
principles illustrated above. A protuberance could be used 
on a catheter With a single slit valve. The protuberance may 
be trimmed manually by the physician prior to placement in 
the body to select the pressure differential needed to operate 
the valve. The protuberance could continue a distance along 
the catheter, for example, substantially the length of the 
catheter. The catheters can be siZed for use in various parts 
of the body. A valve may have multiple intersecting slits. 
Multiple valves may be offset radially. In catheters With 
multiple valves, an infusion valve may be positioned proxi 
mal of an aspiration valve, for, e.g., ?ushing the doWnstream 
exterior of the catheter including the aspiration valve area 
With Urokinase to dissolve ?brin deposits. Alternatively, an 
infusion valve may be positioned distal of the aspiration 
valve, preferably near the distal end of the catheter, to 
facilitate ?ushing the full length of the lumen and avoiding 
dead volume. The catheters can be used in the vascular 
system for central venous access, to deliver, for example, 
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drugs to a cancer patient. The catheter can be placed by a 
cutdoWn or the Seldinger technique. 

[0061] Still further embodiments are Within the folloWing 
claims. 

What is claimed is: 
1. A slit valve catheter, comprising: 

an elongated, generally tubular catheter body having an 
exterior surface exposed to an environment and an 
interior surface de?ning a lumen, said catheter further 
including a valve Which has a protuberance projecting 
from the catheter body and a slit through the protuber 
ance and catheter body. 

2. The catheter of claim 1 Wherein said protuberance 
projects from the exterior surface of the catheter body into 
the environment. 

3. The catheter of claim 1 Wherein said protuberance 
projects from the interior surface into the lumen. 

4. The catheter of claim 1 Wherein the protuberance has a 
radial projection no greater than the outer diameter of the 
catheter body. 

5. The catheter of claim 1 Wherein the protuberance has a 
Width no greater than tWice a thickness of the catheter body 
measured betWeen the exterior surface and the interior 
surface at a region adjacent the protuberance. 

6. The catheter of claim 1 Wherein the protuberance has a 
geometrical in?ection near its point of maximum projection. 

7. The catheter of claim 1 or 6 Wherein the protuberance 
has a pair of in?ections near the circumferential boundary of 
the protuberance. 

8. The catheter of claim 1 Wherein the protuberance is 
generally hemispherical. 

9. The catheter of claim 1 Wherein the protuberance is an 
integral extension of said catheter body. 

10. The catheter of claim 1 Wherein the protuberance 
extends axially no further than the valve. 

11. The catheter of claim 1 Wherein the protuberance 
extends axially substantially the length of said catheter body. 

12. The catheter of claim 1 Wherein the valve is on a 
sideWall of the catheter. 

13. The catheter of claim 1 Wherein the valve is on a 
forWard-facing distal tip of the catheter. 

14. The catheter of claim 1 Wherein said valve includes a 
region having a convex exterior surface portion and said 
protuberance projects outWardly from said convex portion 
into the environment. 

15. The catheter of claim 1 Wherein said valve includes a 
region having a convex exterior surface portion and said 
protuberance projects inWardly from an interior surface 
portion opposite said convex surface portion. 

16. The catheter of claim 1 Wherein said valve includes a 
region having a concave exterior surface portion and said 
protuberance projects outWardly from said portion into the 
environment. 

17. The catheter of claim 1 Wherein said valve includes a 
region having a concave exterior surface portion and said 
protuberance projects inWardly from an interior surface 
portion opposite said concave exterior surface portion. 

18. The catheter of claim 1 Wherein said valve includes a 
region having a generally ?at exterior surface portion and 
said protuberance projects outWardly from said ?at exterior 
surface portion. 

19. The catheter of claim 1 Wherein said valve includes a 
region having a generally ?at exterior surface portion and 
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said protuberance projects inwardly from an interior surface 
portion opposite said ?at exterior surface portion. 

20. The catheter of claim 18 or 19 Wherein said interior 
surface portion is generally ?at. 

21. The catheter of claim 1 Wherein said catheter includes 
a ?rst protuberance projecting from the exterior surface and 
a second protuberance projecting from the interior surface 
portion generally opposite said ?rst protuberance. 

22. The catheter of claim 21 Wherein the amount of 
projection of the ?rst protuberance is different than the 
amount of projection of the second protuberance. 
23.A slit valve catheter, comprising: 

an elongated, generally tubular catheter body having an 
exterior surface exposed to an environment and an 
interior surface de?ning a lumen, said catheter further 
including a valve With a generally convex exterior 
surface portion and a protuberance projecting radially 
outWard from the convex exterior surface portion into 
the environment and a slit through the protuberance and 
catheter body, the interior surface de?ning a generally 
concave interior surface portion opposite the convex 
exterior surface portion. 

24. The catheter of claim 23 Wherein said interior surface 
is generally circular in cross-section. 

25. The catheter of claim 24 Wherein said exterior surface 
is generally circular in cross-section. 

26. The catheter of claim 25 Wherein the catheter has a 
generally uniform Wall thickness betWeen said interior and 
exterior surface in portions adjacent said protuberance. 

27. The catheter of claim 26 Wherein said protuberance is 
generally hemispherical. 

28. A slit valve catheter, comprising: 

an elongated, generally tubular catheter body having an 
exterior surface exposed to an environment and an 
interior surface de?ning a lumen, said catheter further 
includes a valve With a generally concave exterior 
surface portion and a protuberance projecting radially 
inWard from the interior surface opposite the concave 
exterior surface portion and a slit through the protu 
berance and catheter body, and having a generally 
uniform Wall thickness betWeen the interior and exte 
rior surface in portions adjacent said protuberance. 

29. The catheter of claim 28 Wherein said protuberance is 
generally hemispherical. 

30. A slit valve catheter, comprising 

an elongated, generally tubular catheter body having an 
exterior surface exposed to an environment and an 
interior surface de?ning a lumen, said catheter further 
including a ?rst valve and a second valve, said ?rst 
valve including a protuberance projecting radially from 
the catheter body and a slit through the protuberance 
and catheter body. 

31. The catheter of claim 30 Wherein said protuberance 
projects from the exterior surface of catheter body into the 
environment. 
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32. The catheter of claim 30 Wherein said protuberance 
projects from the interior surface into the lumen. 

33. The catheter of claim 30 Wherein the second valve has 
a protuberance projecting radially from the catheter body 
and a slit through the protuberance and catheter body. 

34. The catheter of claim 33 Wherein the protuberance on 
the ?rst valve projects from the exterior surface of the 
catheter into the environment and the protuberance on the 
second valve projects from the interior surface of the cath 
eter body into the lumen. 

35. The catheter of claim 34 Wherein the ?rst valve is 
proximal of the second valve. 

36. The catheter of claim 34 Wherein the ?rst valve is 
distal of the second valve. 

37. The catheter of claim 34 Wherein said second valve is 
on a forWard-facing distal tip of the catheter. 

38. The catheter of claim 29 Wherein said protuberance is 
generally hemispherical. 

39. A slit valve catheter, comprising 

an elongated, generally tubular catheter body having an 
exterior surface exposed to an environment and an 
interior surface de?ning a ?rst lumen and a second 
lumen, said catheter further including a ?rst valve to 
said ?rst lumen Which has a protuberance projecting 
radially from the catheter body and a slit through the 
protuberance and catheter body to said ?rst lumen. 

40. The slit valve catheter of claim 39 comprising a 
second valve to said ?rst lumen. 

41. The slit valve catheter of claim 40 comprising a third 
valve to said second lumen. 

42. A method of infusing ?uid into a body or aspirating 
?uid from a body comprising: 

delivering into the body a catheter having a generally 
elongated catheter body including an exterior surface 
exposed to the body and an interior surface de?ning a 
lumen, the catheter further including an aspiration 
valve and an infusion valve, Wherein at least one of said 
valves includes a protuberance projecting from the 
catheter body for permitting one of aspiration or infu 
sion While resisting one of infusion or aspiration, and 

varying pressure in said lumen to effect infusion or 
aspiration. 

43. The method of claim 42 Wherein both said aspiration 
and infusion valve are in communication With the same 
lumen and each include a protuberance, said protuberance 
on said aspiration valve being arranged to resist infusion and 
said protuberance on said infusion valve being arranged to 
resist aspiration, and 

alternately infusion and aspirating ?uid from said body by 
increasing and delivering pressure in said lumen. 

44. The method of claim 43 comprising delivering said 
catheter into the body over a guideWire. 


